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ABSTRACT
The material consisted of the parents, Fi, F2 , and Fg 
populations for the interspecific hybrid DPL 15 (Gossypium hirsutum) 
x Sea Island (G^ barbadense), The characters analyzed were fiber 
wall thickness and perimeter, the two major components of weight 
fineness. The arealometer was used in measuring these characteristics.
The three fiber properties behaved as quantitative charac­
ters, although not typical of such characters in all respects.
Abnormal segregates with extra fine and thin-walled fibers were 
encountered in the two segregating generations.
Absence of dominance was exhibited for wall thickness and 
perimeter. No conclusive evidence could be drawn concerning nature 
of gene action, whether it was geometric or arithmetic. The parental 
mean difference for each character was controlled by a few pairs of 
genes. This indicates that recoveries of apparent parental geno­
types could be obtained in a relatively small population. Trans- 
gressive segregates were found, denoting a chance for cotton breeders 
to obtain plants superior to either parent.
High heritability values were obtained from the F£ data.
Also, heritability as measured from correlation and regression of 
F3 lines on their respective F^ phenotypes was very high for wall 
thickness and weight fineness, but was relatively low for perimeter.
vi
Selection on the individual plant basis from the F0 was highly
A
effective for the three characters, except for large perimeters.
A low but significant correlation was found for wall 
thickness and perimeter, implying little difficulty would be 
encountered in combining the high or low expressions of the two 
characters in one strain.
High positive and significant correlations were obtained 
for weight fineness and its two components. Desirable expressions 
of weight fineness could be reached through selection of one of its 
two components, or both.
vii
INTRODUCTION
The cotton industry is now facing increasing competition 
from rayon, nylon, and other man-made fibers. The synthetic industry 
is continually gaining a part of the markets which cotton has pre­
viously occupied. Such a competitive threat to cotton fabrics is 
becoming serious, especially when we know that untold millions of 
dollars are being spent on research to improve synthetic fibers in 
quality and in quantity, which in turn results in reduced prices for 
these products.
The solution for success in meeting this competition is the 
promotion of research, especially of the fundamental type, increase 
of yield per acre, and decrease of the cost of production for cotton. 
Along with these factors, it is imperative that attention be given 
to improving fiber properties.
Fiber strength, fineness, and length are considered the 
most important characteristics in cotton lint. Weight fineness of 
fiber and its major components, namely, perimeter and wall thickness, 
are of extreme importance in manufacturing processes and fabric per­
formance. Plant breeders could improve fiber characteristics by 
modifying the genetic makeup of the varieties presently cultivated.
Most of the varieties grown in the United States belong to 
one species (Gossypium hirsutum L). They are all interrelated and 
probably are descendants of not more than a dozen original introduc­
tions. Very little future improvement is possible through hybridization 
and selection involving these related varieties. One of the promising
2
sources for improving fiber properties is through interspecific 
hybridization, which may give extremely high genetic variability. 
Segregates with high lint qualities and high yielding ability could 
be selected. The Gossypium barbadense species is closely related to 
Gossypium hirsutum (Upland cotton). The former species possesses the 
highest qualities of fiber that are available in the genus Gossypium. 
Therefore, incorporating genes for high qualities of Gossypium 
barbadense with the high yielding ability of Upland cotton is very 
desirable.
Interspecific hybridization between various cotton species 
was tried as early as 1894 by Mell (27). In Egypt, Balls (2) studied 
the inheritance of several Mendelian characters in a Gossypium 
barbadense and Gossypium hirsutum cross. However, complete genetic 
analyses of important economic, quantitatively inherited characters 
were not conducted until recently. For several reasons the early 
attempts to transfer genes for superior lint qualities to Gossypium 
hirsutum were not completely successful.
The early methods for fiber testing were time consuming and 
expensive. Recently, reliable instruments and methods have been 
developed by which small differences in fiber characters can be 
determined on a single-plant basis in a short time and with high 
accuracy.
Studying inheritance of quantitative characters enables the 
cotton breeder to overcome the difficulty of incorporating genes for 
high lint properties into Upland varieties.
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The research reported here involved a genetic study of 
fiber fineness and its components, fiber perimeter, and wall 
thickness, in a cross between varieties of Upland and Sea Island 
cottons. Presence and absence of dominance were studied in the
research. An attempt was made to determine the nature of gene
action, and the estimated number of pairs of genes segregating 
for parental mean difference for each character. This would give 
an idea about the size of the population in the breeding program
to obtain the maximum genetic variability.
Heritability was also calculated by several methods 
which help the plant breeder in estimating the effectiveness of 
selection in early segregating generations.
Correlations between fiber weight fineness, perimeter, and 
wall thickness were computed to show the degree of association 
between each two characters.
REVIEW OF LITERATURE
Fiber fineness and its major components, namely, perimeter, 
and wall thickness are of great importance in skein strength and yarn 
appearance, but technological and genetic studies involving them have 
been conducted for only a relatively short period. Cotton fiber tech­
nology is only about 36 years old. Very little is known about the mode 
of inheritance of any of these characters.
Inheritance of Wall Thickness 
Pearson (29) found that fiber wall thickness, which de­
termines degree of maturity, is one of the factors that also determines 
cross sectional area. It also has some affect upon fiber strength, 
yarn and fabric quality which are dependent on this area.
Richardson (33) stated that wall thickness is very important 
from a number of standpoints. The degree of secondary wall development 
undoubtedly causes the flexibility or rigidity of the fiber. It also 
affects the shape of the fiber as to whether it is flat, ribbon-like, 
folded, convoluted or irregular. It also Influences the luster of 
raw cotton and also the luster of yarn. The most important properties 
which depend on wall development to a great extent are fiber fineness 
and fiber strength.
Bishr (6 ) studied the inheritance of fiber wall thickness 
in the parents, F, , F , and F populations of a cross between 
DPL 45-867 and Florida 1377, two varieties of Upland cotton. Wall 
thickness was determined v/ith the arealometer for each individual
5
plant, and the following results were obtained by him; wall thick­
ness behaved as a quantitatively inherited character; thln-wall 
was partially dominant over thick-wall; however, Bishr could not 
get conclusive evidence on the nature of gene action; the large 
difference of two microns between the two parents was governed by 
at least six pairs of genes; heritability of 8 6 % for F2  population 
was obtained; high heritability of 43% was obtained for regression 
of F3 means on F2 phenotypes; effectiveness of selection for thin- 
wall was 75%, while it was 69% for thick-wall.
Harrell (19) studied the inheritance of fiber wall thick­
ness in a cross of two Upland varieties, Half and Half and AHA.
The difference between the parents was only 0.10 microns, and this 
made it difficult for him to make a genetic analysis. He found 
that some condition, like hybrid vigor, caused F^ and Fg means to 
be above the thicker walled parent. Some evidence of transgressive 
segregation v/as reported in F^ and F 3 generations for wall thickness.
Inheritance of Fiber Perimeter 
Fiber perimeter is the second major component of fiber 
fineness. Early investigators, Pierce and Lord (32) measured fiber 
diameter in its broadest part, ribbon-v/idth, instead of measuring 
the perimeter of a fiber in the cross section, as an estimate of the 
intrinsic fineness of cotton lint.
Hutchinson and Govande (21) showed that fibers of different 
varieties from different parts of the world had great divergencies 
in swollen diameter. They found also that variances due to environ­
ment alone were in all cases very small compared to total variance.
They concluded that genetic differences between varieties studied 
existed, that hair diameter is a heritable character, and that 
strains and varieties with high and low expressions for this 
character are obtainable by breeding.
Breaux (8 ) made a genetic analysis in a cross between 
two Upland varieties, V/ilds and Half and Half. The population 
consisted of the parents, F^ and F2 generations. He found per­
imeter of fiber behaved as a quantitative character with partial 
dominance for small perimeter. A parental mean difference of 
7.12 microns was governed by two to three pairs of genes. No con­
clusive evidence on the nature of gene action was reported. A 
low heritability of 43% was reported from high environmental 
influence on perimeter of fibers. He used the arealometer in 
measuring fiber perimeter.
Stafford (37) studied the mode of inheritance of per­
imeter in the parents, F-̂ , F2 , and F^ plants of a cross between 
Half and Half x Wilds varieties of American Upland cotton. The 
arealometer was the tool used for measuring fiber perimeter. He 
reported that seasonal effect was high. The parents differed by 
7.5 microns in 1950 and 6 . 6  microns in 1951. He found consider­
able variation between fibers from the same plants as well as 
betv/een fibers from different plants in a presumably homozygous 
strain. Perimeter behaved as a typical quantitative character. 
Partial dominance for large perimeter was present. A parental 
difference of about 7.0 microns was governed by two to three pairs 
of genes. No conclusion was drawn concerning nature of gene action.
Stafford (37) reported that transgressive segrega- 
tion occurred in this material indicating that parents differed 
in a large number of genes for perimeter. Heritability for per­
imeter of fiber was studied in Fg and Fg populations of one cross. 
An estimate of heritability of 70% was obtained in the Fg data, 
indicating that selection in F2  for perimeter would be highly 
effective. Selection for small perimeter in Fg would be 65% 
effective while selection for large perimeter in Fg would be 
55% effective.
Bishr (6 ) studied inheritance of perimeter of fiber 
in the same material used in studying the inheritance of wall 
thickness. The arealometer was used in determining the fiber 
perimeter for each individual plant in the population. The per­
imeter behaved as quantitative character. A parental difference 
of 8.5 microns was governed by approximately two pairs of genes. 
Small perimeter was partially dominant over large perimeter. 
Evidence of the nature of gene action was inconclusive. A high 
heritability value of 67% was obtained from F2  data. Regression 
coefficient of Fg means on Fg phenotypes of 0.51 was obtained. 
Selection for small perimter from Fg plants was 27% effective, 
while selection for large perimeter was 53% effective.
Harrell (19) found that perimeter behaved as quantita­
tive character in a cross of Half and Half and AHA varieties of 
American Upland cotton. Complete dominance was approached for 
small perimeter. A parental difference of 10.6 microns for per­
imeter was governed by two to four pairs of genes. Harrell
stated that selection for perimeter in F2  would not be highly effec­
tive due to low heritability, which was only 41%. Furthermore, 
heritability obtained from regression of F^ means on F 2 phenotypes 
was only 16%. Harrell used the arealometer for perimeter determinations.
Lewis (26) studied the Inheritance of perimeter in a tri­
species hybrid. This hybrid was developed by crossing G_̂  arboreum 
and thurberi; doubling the chromosome number of hybrid; then 
crossing with hirsutum. The material studied consisted of the 
parents, F^, F^ and F 3 populations. The variability v/as very high in 
F2 in morphological and lint characteristics. Although the F 3 proge­
nies had a wide range, they were more uniform than the Fg plants. The 
arealometer v/as used to measure fiber perimeter. Regression coefficient
of F progenies on their F plants was a non-significant value of 0.067.3 2
Inheritance of Fineness
Fineness of cotton fiber is a vague term applied to the feel 
of cotton which usually denotes a soft or silky texture. Fineness has 
been given different meanings by different workers. Most of the work 
done on fineness until now was mainly concerned with the way of measur­
ing it. Very little is published about the mode of inheritance of this 
character.
Fletcher (13) reported that fineness is dominant over coarse­
ness in a cross of American Upland and Sea Island cotton.
Balls (2) found in Egyptian-Upland crosses that the v/as 
always a superfine Egyptian. He came to the same conclusion in 
G. hirsutum and Sea Island crosses.
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Hutchinson and Govande (21) reported that fibers from dif­
ferent varieties from different parts of the world had great differences 
in hair weight and swollen diameter. They found genetic differences 
between varieties were existent and that weight fineness is a heritable 
character and strains of high and low expression for these two charac­
ters could be obtained by breeding.
Harland (18) reported that fineness could be expressed 
either as hair weight per centimeter, wall thickness, hair diameter, or 
as mean hair rigidity. He stated that practically up to 1939 nothing 
was known about the mode of inheritance of any of this group of associ­
ated characters. He found that progenies from crosses of Ĝ _ hirsutum 
with Ĝ _ barbadense were fine.
Moore (28) studied average fiber weight fineness on six 
regions on the seed of five Upland varieties. The six regions were 
scattered on the seed from the chalazal to micropylar ends. He calcu­
lated the number of fibers per unit area for each region, then multi­
plied that with the average fiber length for the region, giving the 
total number of inches of fibers in that region. The total fiber 
weight per region was divided by the total inches of fiber to give the 
average v/eight per inch.
Barre (5) reported that fineness of fiber, which is largely 
an inherited characteristic represented by the thickness of the fiber 
wall, may be caused either by genetic or by environmental variations, 
and can be represented also by the perimeter or diameter of the 
fiber which is largely an inherited characteristic.
Simpson (35) found no significant differences between inbred
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and ci'oss fertilized progenies in fineness other than due to varietal
effect. No expression of heterosis for fineness v/as noticed. In
his experiment, Simpson measured fineness expressed as surface area 
2in cm /mg of fiber. The surface area was determined by the 
arealometer.
Breaux (8 ) tried to study v/eight fineness of fiber expressed 
in micrograms per inch in a cross of two Upland varieties, Wilds and 
Half and Half. He found that both parents showed a wide degree of 
variation in this character. He did not make a genetical analysis 
for v/eight fineness, because the parental mean difference was small.
Harrell (19) studied v/eight fineness in a Half and Half x 
AHA cross. He found that weight fineness behaved as perimeter, a 
considerable variation being noted in F2  plants. Among 818 plants 
tested, there was a range from 2.60 micrograms per inch in the lowest 
plant to 5.91 micrograms per inch in the highest plant. He concluded 
that since perimeter is a component of weight fineness, the behavior 
of v/eight fineness would be very similar to that of perimeter.
Lewis (26) studied the inheritance of fineness in the tri­
species cross already mentioned in the review of perimeter. Fineness
2 9was expressed as surface area in (mm /mm ). It was determined by the
arealometer. F_ plants showed higher variations than in F_ progenies," 3
which might be due to the presence of a high degree of sterility in 
the F2  population. He proposed that recombinations which contained 
deficiencies or disharmonious genes might cause death of young seed­
lings and also genetic elimination could have occurred in gametes of 
the hybrid, resulting in zygotic lethals and sterile plants. The Fo
distribution was skewed slightly toward the coarser parent 
(G. hirsutum) , but segregates finer than the fine parent occurred. 
That was considered as evidence of occurrence of transgressive 
segregation in the cross.
Methods of determinations of fiber fineness and its com­
ponents are very necessary to plant breeders and cotton techno­
logists, Several methods have been used to estimate fiber fineness 
in raw cotton. Those methods are based upon: (a) measurement of
ribbon-width (diameter of the fiber),(b) direct measurement of area 
of cross section, (c) mean diameter from diffractive properties,
(d) use of yarn counts and (e) weight of fiber per unit length.
As early as 1873 Leigh (25) reported measuring fiber 
diameter by using the microscope.
Bowman (7) used a parallel eye piece micrometer to 
measure fiber diameter.
Balls (3) applied camera lucida to draw the fiber diameter 
on a sheet of paper before measuring it. He was the first to intro­
duce measurement of fiber weight per unit length as an estimate of 
fineness. His method was to count 70 to 100 fibers; cut two centi­
meters length from the center of the fibers and weigh the cut fibers 
then determine the average weight of fiber per one centimeter.
Iyengar and Turner (22) and Ahmed (1) had modified Balls' 
method by using the whole length of the fiber in determining the 
fiber weight per centimeter.
Clegg (12) was the first to propose mercerizing the cotton 
fibers with 18% solution of sodium hydroxide in order to make the 
fiber swell to its original size before shrinking occurs at maturity
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Calvert and Harland (11) suggested using mercerized fibers 
before measuring the ribbon-width, to avoid the serious error usually 
accompanying ribbon-width determinations.
Balls (4) described an improved method to measure wall 
thickness, based on direct measurement. The fibers are mounted in 
liquid of nearly the same refractive index as the fiber and not in 
water, so one reflected ray was used. The ribbon-v/idth and width of 
the central canal were measured under the microscope and their differ­
ence was divided by two to give fiber wall thickness.
Pierce (31) was one of several investigators who used 
direct measurement of area of a cross section. He used camera lucida 
to draw the cross section of the fiber and measured the area of cross 
section by planimeter.
The yarn counting method was also used to determine fine­
ness, although it is tedious. According to Richardson (33) it con­
sists of counting the number of fibers in a cross section of a yarn, 
either by a lens or by a microscope after mounting the cut fibers in 
gelatin.
Barre (5) reported that cotton technologists in this 
country have, for many years, expressed fiber fineness in terms of 
weight in rnicrograms per inch. They use a sorter to make a length 
array. Usually, 200 fibers are counted from each length group and 
weighed. The weights are then used to prorate^ the various length 
groups . Finally, a weighted mean for the entire sample is computed 
and expressed as rnicrograms per inch of fiber. He stated that this 
method, though difficult and time consuming, gives an accurate meas­
ure that proves valuable in predicting spinning performance.
Several recent devices are used now in determining fiber 
fineness, including the air permeameter developed by Pfeiffenberger 
(30), arealometer developed by Sullivan and Hertel (39), and 
micronaire developed by Smith (36). These instruments employ the 
principle of the resistance of a porous mass of known density 
(cotton plug) to the flow of gas and by certain scales relate 
resistance obtained to surface area of fibers and other measurements 
Brown (9) studied the performance of air flow methods in 
measuring fineness and maturity of lint of seven varieties of 
cotton. These varieties were harvested at different times to give 
an extremely wide range in fiber development. He concluded that the 
air flow method v/as sound and time saving.
Grimes (16) reported that a polarizing microscope could 
be used to determine the maturity of fibers, according to the thick­
ness of the fiber walls. Although this method is relatively rapid, 
accuracy largely depends upon the operator's judgment.
The arealometer in its recent form is being used to 
determine several properties of cotton lint in a short time. These 
characters are fiber fineness, wall thickness, perimeter, weight 
fineness, and immaturity (Hertel and Craven (20).
Correlation of Characters 
Hutchinson and Govande (21) found a significant corre­
lation between swollen hair diameter and hair weight per inch for 
fibers of different varieties from different parts of the world.
Harland (18) reported that fineness and length are posi­
tively correlated. He found that long cottons are usually fine, but 
sometime are relatively coarse. Short cottons may be fine or coarse
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Koshal and Ahmed (24) obtained a high positive correlation 
(r = 0.740) between swollen fiber diameter and fiber weight per inch.
Moore (28) calculated the following simple correlation 
coefficients within five varieties of American Upland cotton for six 
characters of cotton fibers;













Avg,. fiber wt. per inch and 
average fiber length -0.4106** “0.3853** -0.1562 -0.4443** -0.2495
average fiber strength 0.6281** 0.7922** 0.5728** 0.7972** 0.3832**
average fiber diameter 0.3561** 0.2006 -0.0743 0.1539 0.0985
% of thin-walled fibers -0.5919** -0.7202** -0.7928** -0.7725** -0.4416**
average density of 
fiber population. . . . -0.6745** -0.7089** -0.6800** -0.6978** -0.5413**
Avg. fiber diameter and 
average fiber length -0.3433** -0.1894 -0.1702 0.0705 0.1612
average fiber strength 0.0856 0.1187 -0.2955* -0.0636 -0.0144
avg. density of fibers -0.1083 -0.0741 0.2288 0.0826 0.2439
% of thin-walled fibers -0 . 0 0 0 1 -0.0744 0.2585* 0.0169 0.2740*
* significant at the 5% level of probability
** significant at the 1% level of probability
Moore found that correlation coefficient for average weight 
fineness and average fiber strength w a s  positive and highly significant. 
Average weight fineness was negatively and highly associated with per­
centage of thin-walled fibers and average density of fiber population. 
Weight fineness was positive and highly associated with fiber diameter 
in only one variety, Mexican 128, r = 0.3561.
Hancock (17) studied the correlation between fiber fineness and 
length and strength of cotton lint as related to heredity and environ­
ment. The study involved ten varieties of Upland cotton grown in three
locations. Fineness was determined with the arealometer and expressed 
in square centimeters per milligram. He found a positive significant 
correlation between varieties for fineness and length, r = 0.699, in 
1941, while there was a non-significant r of 0.266 in 1942. However, 
he concluded that the three characters, fineness, length, and strength 
acted independently from each other.
Stroman (38), in studying the variability and correlation in 
cotton, stated that the relationship of certa.in characters may not be 
the same each year. Different environmental conditions in different 
years certainly influence the expression of certain genes. However, 
certain correlations remain about the same from year to year. He 
found that fiber diameter and strength index were negatively corre­
lated (r = -0.31) in 1945, while in 1944 they were positively corre­
lated (r = 0.41).
Breaux (8 ) obtained the following simple correlation
coefficients in a population of 228 F plants of a Wilds x Half and2
Half cross:
Characters correlated Correlation coefficient
V/eight fineness and length -0.12S
rt perimeter 0.545**
i i immaturity -0.656**
rt wall thickness 0.812**
tr lint density index 0.370**
Y/all thickness and length -0 .062
It perimeter 0.087
f 1 weight fineness 0.812**
T» immaturity -0.833**
II lint density index 0.319**
Perimeter and length -0 .117
If weight fineness 0.545**
It immaturity 0.261**
11 wall thickness 0.087
tt lint density index 0.086
** significant at the 1% level of probability
16
Green (15) calculated the following simple correlation 
coefficients for fiber fineness with other lint properties in 285 














significant (r) at the 1% point 0.150
** significant at the 1% level of probability 
Fineness was measured on the arealometer and expressed as square centi­
meters per milligram. He reported that extremely fine samples were 
recovered from Upland x Sea Island crosses. He stated that simple 
correlation coefficients should be interpreted with caution since 
they are based on phenotypes only and include environmental as well as 
genetic effects.
Bis'nr (6 ) studied the association between weight fineness, 
perimeter, and wall thickness in F0 plants and F„ lines of DPL 45-867
A  J
x Florida 1377 cross. He computed the following simple and partial 











Perimeter and wall thickness -0.363** Wt, fineness -0,874**
Perimeter and wt. fineness 0.653** Wall thickness 0.921**
Wall thickness and wt. fineness 0.382** Perimeter 0.877**
** significant, at the 1% level of probability
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Bishr computed the following simple and partial correlation 












Perimeter and wall thickness -0.056 Wt. fineness -0.991**
Perimeter and wt. fineness 0.69 3** Wall thickness 0.992**
Wall thickness and wt.fineness 0.754** Perimeter 0.993**
** significant at the 1 % level of probability
Bishr (6 ) found the multiple correlation coefficients for
weight fineness and its two components, perimeter and wall thickness, 
to be 0.931 in Fg and 0.996 in F 3 . Both values are highly significant. 
He concluded that the high multiple correlation between weight fineness 
and other two dependent variables, perimeter and wall thickness, is 
further evidence that the two variables were the only two major factors 
contributing to weight fineness.
Harrell (19) calculated the simple correlation coefficients 
for perimeter of fiber with other characters among 150 F 2  plants, 
selected at random, of the Half and Half x AHA cross.
Correlation
Characters correlated___________________________________ Coefficients
Perimeter with strength of fiber -0.100
Perimeter with seed index -0.015
Perimeter with lint density index 0.285**
** significant at the 1% level of probability
Harrell found a high positive correlation of 0.587 among 6 6  
F 3 lines of the same cross for perimeter and weight fineness of fiber,
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but he found a high negative correlation coefficient of r = -0.378 
and r = -0.430 for perimeter with wall thickness and wall thickness 
with strength of fiber respectively.
Fortuno (14) studied the association between staple 
length and fiber perimeter, wall thickness, and v/eight fineness in 
the cross of DPL 45-867 and Florida 1377. He calculated the following 
simple correlation coefficient for 167 plants:
Charactei’s correlated Correlation coefficient
Length with perimeter -0.319**
with wall thickness -0.434**
with weight fineness -0.568**
** high significance at the 1% level of probability
He found a very close association between length and weight fineness. 
This association v/as still close when either perimeter or wall thick­
ness was held constant, r = -0.497 and r s -0.414, respectively. A 
significant negative correlation of -0.319 was found between perimeter 
and length of fiber. A highly significant multiple correlation of 
length with the two dependent variables, perimeter and wall thickness, 
was obtained, r = 0.59. This value indicates highly significant 
association among the characters.
Fortuno also obtained highly significant regression 
coefficients of b = -8.16, -1.27, and -2.445 for perimeter, wall 
thickness, and weight fineness, respectively, and the length of the 
fiber.
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Stafford (37) calculated the correlation coefficients for 
fiber strength v/ith other characters among 211 Fg plants of Wilds x 
Half and Half.
Variables correlated
Strength with perimeter -0.070
with wall thickness -0.040
with weight fineness -0.160
with immaturity -0.017
None of these correlations is significant. Stafford also calculated 
the genetic correlation in the same population for fiber strength and 
perimeter. It v/as a positive non-significant value.
Lewis (26) calculated the following correlation coefficients 
for fineness and perimeter and other characters among the F̂ , plants 






and lint shape (D) 0.870** 0.847**
and lint perimeter 0.431 -0.132
lint index -0.195 -0.136**
seed index 0.262 0.274**
length 0.426 0.417**
strength 0.507* 0.163*
Perimeter and lint shape (D) 0.788** 0.380**
length 0.296 -0.157*
strength 0 .2 0 S -0.359**
lint index 0.258 0.166*
seed index 0.173 -0 . 0 0 2
* significance at 5% level of probability
** significance at 1% level of probability
MATERIALS AND METHODS
The materials used in this study consisted of the parents,
F-p Fg, and Fg populations of a cross between varieties representing 
two species, DPL 15 (Gossypium hirsutum) and Sea Island (Gossypium 
barbadense) .
The original cross was made in 1954. The standard 
procediires were followed in emasculation, pollination, and other 
operations. The hybrid seeds were harvested in the Fall of 1954.
A part of the hybrid seeds was saved from each cross and the remain­
ing part was sent to Iguala, Mexico, and was grown during the Winter 
of 1954. All of the Fg plants in the study were derived from a cross 
between one plant of each parent.
By this arrangement of growing the F^ population in Mexico 
in the Fall of 1954, a period of one year was saved. The Fg seeds
were available for planting in the Spring of 1955.
Selfed-seeds of the parental plants as well as the Fp
and F2 plants were planted at Baton Rouge, Louisiana, on the
Perkins Road Farm in mid-May of 1955. Three weeks before planting, 
the soil was fumigated with one gallon per acre of Nemagon, and 
six hundred pounds per acre of 8 -8 - 8  fertilizer were applied. About 
three to four seeds per hill were planted on rows 42" apart. The hills 
were spaced 20" apart. Several applications of insecticides were made 
to control insects.
An effort was made to obtain selfed-seeds from each plant
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of the parents and Fg population. Half-pound Kraft paper bags were 
placed on the flower buds before the opening of the flowers to 
prevent cross pollination. Several flowers were selfed on each F£ 
plant.
Before harvesting, each plant was tagged and given a 
number. Seed cotton was harvested during a period of about six 
weeks, starting in mid-October. Harvesting of the DPL 15 parent 
was completed during the first picking, while the Sea Island parent 
was harvested during the second and third pickings. The Fg plants 
were gathered over a long period, and the harvesting of these 
plants was completed after three pickings, the last being after a 
killing frost. Seed cotton from individual plants was kept 
separately in Kraft paper bags with the proper identification. 
Selfed-seeds were also harvested and kept separately.
The seed cotton was ginned on a laboratory roller type 
gin for each plant individually, and the same procedure was followed 
for selfed-seeds.
Seeds of 102 F3 lines were planted at the Perkins Road 
Farm in 1956 in the same area where the Fg population was grown. 
Self-fertilized seeds derived from each Fg plant were planted on 
separate plots, two seeds per hill. The hills were separated by 24" 
on rows which were 42" apart. One plot of each parent was planted 
for each 1 2  Fg plots in order to give a reliable estimate of the 
environmental variation. The F3 lines and the parents were planted 
May 7, 1956. Prior to planting, the area was fertilized with 600 
pounds of 6 -8 - 8  and 600 pounds of dolomitic limestone applied on
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April 6 , 1956, in furrow and bedded on. Border rows were planted
to reduce border effect. After the stand was established, the
hills were thinned to one plant per hill. Although environmental
conditions were favorable, the stand of F3 plants was poor.
Plants in each of the F3 lines were tagged before
harvesting and were given a number. Harvesting was extended over
a period of six weeks, beginning in the first week of October.
Most of the plants were picked during the first two weeks. The
two parents were picked on the first day of harvesting the F 3
populations. The same procedure for harvesting and ginning the F3
plants was employed as in the Fg plants.
The arealometer in its most recent modification was used
to measure the three fiber characteristics under study, namely, wall
thickness, perimeter, and weight fineness. These characters v/ere
not determined directly by the arealometer. Special equations were
used in calculating the actual values for characters in question.
Two readings of a specific area were read from the scale. The
difference between them is called immaturity (D). For a better
understanding of the subject, the following explanations are given:
Specific area, a measure for fiber fineness, is defined as
the surface area of the fiber per unit volume. This property may be
expressed as the number of square millimeters per cubic millimeter of
2 3 —1the fibrous material (mm /mm or mm ). The low reading of a specific 
area is determined when the mass of the plug (152 mg.) is placed in 
the chamber and compressed until its resistance to the flow of air 
is equal to the low resistance.
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Immaturity (D) is the apparent increase of the specific 
area due to a known compression. D is empirically correlated with 
the shape of the cross section of the fiber. It is obtained by 
subtracting the A reading at low resistance from A the reading 
when the same mass of the plug is compressed at high resistance.
Immaturity ratio (I), or shape factor, is defined as the 
cross sectional area of the collapsed fiber divided into the area 
of a circle having the same perimeter. The immaturity ratio ranged 
from 1.00, very mature to 2.00, immature, and then up to 3.00, very 
immature. Immaturity ratio (I) = |/o.07 D + 1 a dimensionless 
number.
Perimeter (P) is the distance around the outside wall of
the fiber in a cross section. It is determined in microns by the
I
equation: Perimeter (P) = 12,566 A microns.
Weight fineness (w), or linear density, is the average
weight of the fiber in micrograras per inch. Weight fineness
38.6 X P micrograms per inch.
A
Wall thickness (t) is the average thickness of the fiber
wall, in the sample, of a cross section measured in microns. Wall
thickness (t) = 1000 T microns
A
Where T = 2 , a dimensionless number
1 W  i - i 
I
T is wall thickness factor.
A representative sample from the lint of each individual 
plant was taken for the parents, F-̂ , Fg, and F^ populations. Trash 
and neps were removed from each sample. Fibers were gently pulled by
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both hands in a way to make them almost parallel, in orientation, 
then the sample was ready for weighing. A small fiber blender was 
used for the parents and F 3 plants. A detailed comparison on 
Individual plant basis was made between hand and mechanical blend­
ing. The difference was insignificant.
The samples for each plant were measured v/ith the area­
lometer. If the first two low readings for specific area "A" were 
within a tolerance of 10 units, they were averaged. Otherwise, a 
third and sometimes a fourth reading was made and the average of all 
low readings was taken. The weight of each sample was 152 milligrams, 
weighed on a balance adapted for fibrous material.
Plants which had a specific area higher than 680 mm-  ̂were 
found. The highest reading on the scale for low resistance was 
680 mm 1 . Dr. C. J. Craven, Associate Physicist, University of 
Tennessee, Department of Physics, was consulted in extending the 
calibration of arealometer scale of low reading "A". Dr. Craven 
proposed to increase the "A" scale on the drum to about 785 mm-1. A 
graph was furnished to convert the reading on the cylindrical scale. 
V/ith the extension in "A" scale, it was possible to measure 13 plants 
in the F3  population out of 25 plants which were above 680 mm In 
the F 3 population it was possible to measure 57 out of 73 plants v/ith
extra fine lint. In the F0 and F populations, 28 plants were too« 3
fine to be measured and were excluded from the genetical study.
The objectives of this study were as follows:
1. Nature of dominance
2. Gene Interaction
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3. Estimation of the minimum pairs of genes responsible for the 
difference between the two parents for each character
4. Heritability and effectiveness of selection in F2  and F 3  
population
5. Association between the characters
The degree of homozygosity of the parents and the varia­
tions within F j , Fg, and F^ populations were determined by using
common statistics such as mean, standard deviation, range, and 
coefficient of variation.
Nature of dominance was determined by comparing the 
expected arithmetic mean with the observed mean on the assumption 
that gene action is only additive and equal in action. If the 
observed mean is equal to the arithmetic mean and the difference is 
not significant, absence of dominance is assumed. When the 
difference is significant, partial dominance is assumed. The 
arithmetic means for Fj and Fg plants were calculated as follows:
The expected arithmetic mean of the F^ plants = X + X Pg_____
2
The expected arithmetic mean of the Fg plants = X + 2XF^ + XPg
4
Where:
X = observed mean of one parent
X Pg = observed mean of the other parent
X F^ = observed mean of the F-̂  population
X Fg = observed mean of the Fg population
Gene effects may be arithmetic or geometric. Geometric gene 
action assumes that the effects of individual genes upon the genotype
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are multiplicative. Whereas, arithmetic gene actions are considered 
to be additive. By comparing the observed mean with the expected 
arithmetic and geometric means for the F^ and F2 plants, the nature of 
the gene action was determined.
The expected geometric mean of F-̂  = p . x Pg
The expected geometric mean of Fg = V\ (x P + X P ) . x F
1 2  1
Where:
X is the observed mean of Parent Wo. 1.
X Pg is the observed mean of Parent No. 2.
X F^ is the observed mean of the F^ generation.
Estimation of number of pairs of genes responsible for 
parental differences v/as calculated by three methods.
A. The Castle-Wright formula:
N = P2__________
8(s% F g  _ s 2 Fl)
Whe re:
W is minimum number of genes by which the parents differ.
D is difference between the two parental means.
2s F1 is mean square of F^ population.
2s Fg is mean square of Fg population.
This formula was based on four assumptions required to give a reliable 
estimate of minimum number of genes by which the parents differed, 
a - Absence of dominance
b - All genes are equal in their contributions, 
c - The effect of all genes is cumulative, 
d - The parents represent extremes for the character.
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B. Wright formula:
N = .25 ( .75 - h + h2) D2
Where:
X P 1
X P2 X P 1
N = Minimum number of genes in which the parents differed.
D = X P - S P  2 1
X P-̂  = Mean of one parent 
X P = Mean of the other parent
X F-̂  =-- Mean of generation 
X F2  = Mean of Fg generation
The assumptions on which this formula is based are: 
a - No linkage between pertinent genes
b - One parent supplies positive factors and the other parent supplies 
negative factors, 
c - All genes are equal in their contribution.
d - The degree of dominance of all dominant factors is the same for all. 
e - No interaction exists between pertinent non-allelic genes.
The above mentioned assumptions should be fulfilled to give a reliable 
estimate of N.
Each Fg line mean v/as compared with the two parents. The lines which 
resembled one parent in mean, range, standard deviation, and coefficient 
of variation were considered parental recoveries.
C. m e  frequency of recovery of parental genotypes:
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Heritability, which is defined as the ratio of the genetic 
variance to the total variance expressed, is as follows:
Heritability for F„ = s2 G
£* --------- a— " ■ * ■ —..-..— .....  A 1UU
s2 G + s2  e
Where:
2s G = mean square due to genetic causes 
2s E = mean square due to environment
The mean square due to environment v/as calculated by averaging the 
variance of the two parents. The parents were assumed to be homozygous 
so any variation within them was considered to be due to environmental 
factors. The mean square for genetic variance was obtained subtracting 
the environmental variance from the Fg variance. The latter consisted 
of genetic and environmental variance.
Heritability was also determined by calculating the regression 
coefficient of F^ means on their respective Fg plants. Heritability 
was also expressed by calculating the correlation coefficient for the 
degree of association between phenotypic expression of a character 
for Fg plants and for Fg line mean derived from each.
Genetic correlation was calculated, as proposed by 
Dr. R. E. Comstock, (10) to measure the genetic association alone 
between the two variables.
___________ cv XY F2  “ cv X Y Fi__________
Genetic correlation = (v X F2  - v X  F^) (v Y Fg - v Y F^)
Where:
cv = covariance
X = measurements of one variable 
Y = measurements of another variable
v = variance
= first fillial generation 
Fg = second population
Partial correlation v/as applied to show the association 
between two variables v/hen the effect of a third one is held 
constant.
RESULTS AND DISCUSSION
The populations used in this genetic analysis consisted 
of the DPL 15 and Sea Island parents, Fj, F2 and F3 generations.
The fiber characteristics studied were wall thickness, perimeter, 
and weight fineness. The Sea Island parent had thin wall, small 
perimeter, and fine fibers. The DPL 15 parent was characterized 
by thicker fiber wall, larger perimeter, and coarse fibers.
About 20% of the F^ plants were harvested in the first 
picking, while 40% of the plants gave adequate samples at the end 
of the second picking. The rest of the F2 plants which did not give 
enough seed-cotton in the first two pickings were harvested during 
the third picking. It should be noted that the third picking, which 
included about 40% of the Fg plants, was completed after a killing 
f rost.
The 20 F^ plants were harvested at the time of the second 
picking of the F^ population. The DPL 15 parent was harvested at 
the first picking. The Sea Island parent was gathered over a long 
period, covering the second and third Fg pickings.
Inheritance of Wall Thickness
Measurements of wall thickness were determined on the 
individual plant basis for the parents, F-i . Fo and populations. 
These measurements were made with the arealometer, and converted to 
wall thickness by a special formula. Results for the parents, , 
and Fg are presented in Tables I and II and Figure 1.
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The DPL 15 parent was represented by 20 plants. Their 
mean wall thickness was 2.48 microns, and the range was from 2.10 
to 2.80 microns, or 0.7 micron. The standard deviation was 0.19 
and coefficient of variation was 7.8%.
The Sea Island parent consisted of 25 plants ranging from 
1.80 to 2.20 microns with a mean of 2.02 microns. Thus, it was the 
parent with the lower fiber wall thickness. The 25 Sea Island plants 
occupied only five classes with a variation of 0.4 micron, and a 
standard deviation of 0.10. The coefficient of variation was 5.1%.
The fact that the two parents had only a small mean 
difference of 0.46 micron and overlapped in two classes (Table I) 
makes a genetic study more difficult than if there were a larger 
mean difference between the parents and no overlapping.
The variation within the parents was assumed to be due 
to environmental effects, which it seems had a stronger influence 
on the DPL 15 plants, with the thicker wall, than on the Sea Island 
plants. The parents were presumably homozygous for wall thickness.
The population, consisting of 20 plants, occupied a 
relatively narrow range of four class centers. The range extended 
from 2.10 to 2.40 microns, a difference of 0.3 micron. The standard 
deviation was 0.09, and the mean was 2.23 microns. The coefficient 
of variation v/as lower than either parent, being 3.9%. Thus, the 
F-̂  showed less environmental variation than either parent.
There were 359 plants in the Fg population as shown in 
Table I. Their frequency distribution ranged continuously, except
Table I. Frequency Distribution of Wall Thickness for the Parents, F^ and F2 Populations of the DPL 15 x 
Sea Island Cross.
Number of Plants in Wall Thickness Class
Population 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2 . 1 2 . 2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3
DPL 15 1 1 3 3 5 2 2 3
Sea Island 1 2 13 5 4
FX 4 6 7 3
f2 3 7 4 34 34 38 38 46 26 38 25 23 14 19 3 2 3 1 1
Table II. Statistical Values for Wall Thickness in Parents, Fj_ and F2 Populations of the DPL 15 x Sea Island 
Cross.





DPL 15 2.48 0.19 7.8%
Sea Island 2 - 0 2 0 . 1 0 5.1%
Fl 2.23 0.09 3.9% 2.25 2-24
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for one class, from 1.40 to 3.30 microns. The Fg showed a wider 
range than both parents. The mean of v/as 2.12 microns; the 
standard deviation was 0.34 and a high coefficient of variation of 
15.8% was found. The high standard deviation and coefficient of 
variation in F^ indicated that genetic as well as environmental 
variation existed.
The modal class in F2 was 2.10 microns, which contained 
46 plants as shown in Table I. There were 158 plants below the
modal class and 155 plants above it. The mode and the Fg mean were
almost equal.
Referring to Figure 1, it can be seen that the F2  frequency 
distribution curve was not smooth, as anticipated from results 
reported with intervarietal hybrids. It was zigzag, especially in
the direction of the thicker parent. However, the F plants formed
an almost continuous range. The number of Fg plants increased per 
class toward its mean, and they spread over 19 class centers.
Therefore, it was concluded that wall thickness in this cross behaved 
as a quantitative character, although not entirely typical of that 
type of character.
A notable feature of the F0 population was occurrence of
A
a large number of plants with thinner fiber walls than found in any 
plants of the Sea Island parent and a few plants with thicker walls 
than any DPL 15 parent. Furthermore, there were 12 Fg plants which 
were too fine for measurement with the arealometer. All extra fine
35
plants were characterized by thin walls. The abnormally thin walled 
segregates, physiologically and genetically, were attributed to the 
extra thin wall condition in F£ plants.
Dominance. Referring to Table II,the average of the two parents for 
wall thickness v/as 2.25 microns. The observed mean of the gener­
ation was 2.23. The difference between the mean of F^ and the 
average of the parents was non-significant. Thus, the results from 
the parents and F-j plants indicate absence of dominance for fiber 
wall thickness.
To obtain further evidence of dominance, the Fg mean was 
compared with the average of the parents. The F mean of 2.12 microns
A
was 0.13 micron lower than the average of the parents, 2.25 microns.
This was also non-significant, but the results suggested partial 
dominance for thin-walled fiber,
There v/as a tendency of the Fg population to have more 
plants on the lower side, v/ith 230 Fg plants below the arithmetic 
average of the parents plus 1 2  extra fine plants which were not 
included in the Fg population, while only 91 plants were above it.
(See Table I). Furthermore, 38 Fg plants were as low as the mean 
of the Sea Island parent, while only 23 plants v/ere as thick walled 
as the mean of the DPL 15 parent. Thus, the Fg population showed 
a skewness toward the Sea Island parent (Figure 1 and Table I).
From the Fg results, it appeared that thin wall was 
partially dominant over thick wall. Similar results were obtained
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by Bishr (6 ) in an intervarietal cross of hirsutum, thin wall
being partially dominant over thick wall.
The results obtained from the F^ and F2 concerning the
degi-ee of dominance were conflicting. Absence of dominance
exhibited by the F^ plants is a typical condition for quantitative
characters. That was expected since the F^ plants were normal and
completely fertile. On the other hand, the skewness of F plants
2
toward the thin-walled parent might be caused by the presence of 
abnormal, unbalanced segregates in the F2 population. All of these 
abnormal segregates had thin-walled fibers below that of the Sea 
Island plants. As shown in Table I, there are 48 plants below the 
lowest plant of the thin-walled parent while only 7 plants were 
higher than the highest DPL 15 plant. Consequently, no conclusive 
evidence for dominance could be drawn in such a case.
Nature of gene action. In an effort to determine whether gene effect 
on wall thickness was arithmetic (additive) or geometric (multiplicative), 
observed F^ and F means were compared v/ith their corresponding expected 
arithmetic and geometric means. However, the expected arithmetic and 
geometric means did not differ appreciably, so no conclusion could be 
drawn concerning type of gene action.
Estimation of number of genes. The fact that wall thickness is a 
quantitative character made it impossible to determine the exact number 
of pairs of genes responsible for the parental difference. However, 
an estimate of the minimum number of genes segregating for wall thickness
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was made by the following methods: (.1) Castle-Wright formula, (2)
Wright formula, and (3) apparent frequency of recovery of parental 
genotypes in the F^ and Fg ,
The Castle-Wright formula gave an estimate of only 0.25 
pair of genes. That estimation suggests that the mean difference 
for wal1 -thickness may have been governed by one pair of genes.
This is undoubtedly an inaccurate figure, because almost all of 
the requirements for the formula were not fulfilled in this material.
The Wright formula led to an estimation of four pairs of 
genes. Although this estimate was reasonable, the results obtained 
with this formula should be used only with great caution because the 
basic assumptions underlying use of this formula were not met.
Thus, these formulae indicated that the parental difference 
for wall thickness might be governed by relatively few pairs of genes. 
However, in view of the difference in estimates by the two formulae 
and the fact that many of the assumptions made in applying both 
formulae were known to be incorrect, there is considerable uncertainty 
about the reliability of the estimates. It is possible that the parents 
differed by a much larger number of pairs of genes than indicated by 
either method.
It is impossible to identify those Fg plants which represent
recovery of parental genotypes for such a quantitative character, due
primarily to the influence of environment on expression of the plants.
However, several lines of evidence indicated that the genotypes of the 
parents may have been recovered with a high frequency in Fg, and
consequently, the parents may have differed in respect to only a few 
genes. For one thing, the mean difference between the parents was 
small, being only 0.5 micron, with considerable overlapping of 
classes among the plants of the parents. Also, a very large number 
of the F2 plants v/ere either as low as or lower than the mean of 
Sea Island or as high as or higher than the mean of the DPL 15. 
Furthermore, several F plants v/ere lower in wall thickness than any 
plants of the Sea Island and a few exceeded all plants of the DPL 15.
A better indication of whether any of the Fg plants were 
identical in genotype to the parents could be obtained by progeny 
testing of the individual F 0 plants in Fg. The Fg population con­
sisted of 81 F3 lines with sufficient plants for genetic analysis.
The parents were grown with the Fg plants in 1956. They 
were represented by a considerably larger number of plants than in 
the previous year. As shown in Table III, a total of 166 DPL 15 
plants had a mean of 2.87 microns, the range being from 2.3 to 3.3 
classes. They had a standard deviation of 0.19 and a coefficient of 
variability of 6 .8 %.
The Sea Island parent was represented by 150 plants, having 
a smaller mean of 2.03 microns and a limited range of five classes 
from 1.8 to 2.2 microns. Its standard deviation and coefficient of 
variability were smaller than the DPL 15, being 0,09 and 4.6%, 
respectively. The difference between the means of the two parents 
was 0.46 micron in 1955, while it was 0.84 micron in 1956. The 
standard deviation for the DPL 15 was nearly the same in the two
05 Table III. Frequency Distribution of Wall Thickness for the Parents and Fg Lines
in the DPL 15 x Sea Island Cross._  ^  . ¥__
Line No. _________________________Number of Plants in Wall Thickness Classes___________________________ of C.V. Plant
1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.7 Plants .'.lean s % Value
DPL 15 1 2 5 15 15 38 29 27 22 10 2 166 2.87 .19 6.8
Sea Island 2 23 57 48 20 150 2.03 .09 4.6
32 1 3 2 nO 1 10 1.59 .12 7.5 1.71
89 2 2 6 2 3 15 1.75 • 19 11.0 1.96
99 I 3 4 6 1 1 1 1 18 1.78 .18 10.1 1.67
47 3 1 6 2 2 2 1 17 1.86 .25 .13.8 1.84
109 1 2 6 4 4 1 1 19 1.87 .15 8.2 1.85
71 5 5 2 4 3 1 1 21 1.90 .17 8,8 2.05
26 1 3 3 2 6 1 2 1 19 1.92 .20 10.4 2.20
7 2 4 1 3 1 2 2 2 1 18 1.94 .28 14.2 2.30
83 5 3 4 1 2 1 16 1.95 .15 7.8 1,87
53 3 3 3 2 I 12 1.96 .14 7.2 2. la
3 1 2 2 2 2 1 2 12 1.97 .26 •13.0 2.06
34 3 2 2 5 2 2 1 17 1.98 .28 14.0 2.29
75 1 2 1 9 3 2 18 1.99 .15 7.6 .1.76
 _________________ Table III. (Continued)_______________________________________________________ __________________________
No. F2
Line N o . ______________________ Number of Plants in Wall Thickness Classes___________________________  of C.V. Plant
1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.7 Plants Mean s % Value
102 2 1 5 7 3 1 1 20 1.99 .22 11-. 1 1.85
111 1 1 3 3 2 1 2 13 2.01 .30 14.8 1.76
96 1 2 3 3 1 3 2 1 16 2.02 .22 10.8 2.01
56 1 1 2 2 5 1 2 1 1 1 17 2.02 .24 11.9 1.94
43 1 1 3 4 4 1 1 1 16 2.04 .21 10.3 . 2.07
57 1 2 5 5 3 1 1 1 1 20 2.05 .26 12.5 2.11
84 1 2 2 3 5 1 2 16 2.06 .23 11.0 2.00
31 2 6 3 4 15 2.06 .11 5.2 2.04
73 8 6 2 1 1 1 1 20 2.07 .21 10.2 1.93
74 1 3 6 1 3 3 1 18 2.07 .17 8.1 2.39
25 2 2 3 3 1 1 12 2.08 .22 10.4 2.16
49 1 1 3 1 3 1 10 2.08 .17 ' 8.1 2.07
6 1 1 4 4 3 2 1 1 1 1 19 2.09 .26 12.5 2.02
46 2 2 2 3 2 11 2.10 .14 ' 6.5 2.18
62 1 2 3 2 4 6 4 22 2.10 .21 10.0 2.17




















_____________________ Number of Plants in Wall Thickness Classes__________________________ of
1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3,3 3.4 3.5 3.6~3.7 Plants
1 1 3 3 1 1 12
2 2 1 3 2 3 1 1 15
2 4 5 2 1 3 17
1 3 1 4 1 1 1 1 1 16
2 1 3 3 2 2 1 1 15
1 1 3 1 1 3 1 1 1 13
2 2 4 2 4 1 1 1 17
1 1 6 3 1 3 1 17
1 1 3 3 1 11
2 2 2 6 2 2 16
1 2 1 1 1 1 2 1 10
3 3 4 2 2 2 1 18
1 1 4 2 6 3 3 1 1 1 23
2 3 2 5 5 3 1 21
1 3 2 3 6 2 1 1 19




















____________ Number of Plants in Wall Thickness Classes___________ _ _  of
1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.6 27T2.8 2.9~37o 3.1 3.2 3.3 3.4 3.5 3.6 3.7 Plants Mean
2 3 1 7 3 16 2.24
1 4 2 2 3 1 13 2.25
1 1 6 2 2 2 14 2.28
1 2 2 2 3 1 11 2.30
1 2 3 6 2 1 2 1 2 2 22 2.30
1 3 4 3 1 2 3 18 2.30
1 1 3 3 2 1 1 12 2.31
1 4 2 3 3 13 2.32
1 1 1 1 2 1 1 2 1 12 2.33
1 1 2 2 7 2 1 2 1 1 20 2.35
1 2 1 7 1 1 1 14 2.36
1 1 2 5 3 3 1 1 1 IS 2.36
1 5 5 5 4 1 1 1 1 24 2.37
1 1 2 1 2 4 4 2 17 2.37
2 1 2 2 4 1 2 3 4 21 2.37
1 3 2 2 1 4 4 1 1 1 1 21 2.39
Table III. (Continued)





1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.7 Plants Mean s % Value
95 6 2 2 2 6 1 1 1 21 2.42 .26 10.6 2.35
23 1 6 2 4 1 6 2 1 23 2.42 .22 9.2 2.15
97 1 1 2 1 1 2 3 2 1 14 2.44 .33 13.6 2.26
105 2 2 2 2 1 1 1 11 2.44 .24 9.9 2.65
38 1 3 4 4 4 2 4 1 1 24 2.45 .23 9.4 2.71
54 1 3 1 2 1 4 1 1 2 1 1 18 2.45 .35 14.3 2.45
77 1 1 1 2 2 3 4 3 1 2 3 23 2.47 .30 12.2 2.34
86 1 4 9 2 4 2 1 2 25 2.49 .18 7.1 ' 2,52
16 1 2 2 2 4 3 1 1 6 1 23 2.50 .30 12.2 2.70
45 1 4 1 2 2 1 2 1 14 2,50 .34 13.4 2.68
72 1 2 1 8 1 13 2.51 .16 6.5 2.60
106 2 2 1 1 2 3 2 2 3 18 2.52 .30 11.8 2.46
112 2 2 6 3 1 4 18 2.56 .17 6.5 2.04
82 2 4 o 3 4 1 3 19 2.59 .19 7.6 2,61
115 2 1 1 2 3 1 10 2.59 .34 13.0 2,70
22 2 3 4 1 5 5 3 23 2.64 .30 11.5 2.31
44 Table III. (Continued)
Line No. °̂'Number of Plants in Wall Thickness Classes of C.V. Plant
_1.4 1.5 1.6 1.7 1.3 1.9 2.Q 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.7 Plants Mean s % Value
114 1 1 2 2 2 2 2 4 2 2 20 2.76 .37 13.4 2.62
91 1 1 2 2 1 3 4 2 1 1  1 1  20 2.89 .42 14.7 3.33
92 1 1 1 1 2 2 4 3 1 1 17 2.89 .30 10.3 2.57
36 4 2 3 2 1 1  13 2.99 .16 5.3 3.07
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seasons. An appreciable decrease in the standard deviation and 
coefficient of variability of the Sea Island parent was noticed in 
1956 over the previous year. However, results from parents grown 
in 1956 are assumed to be more reliable, because the parents were 
represented by a total of 316 plants, while only 45 parental plants 
were grown in 1955. Furthermore, the environmental conditions were 
more favorable in 1956 than in 1955; as mentioned before, the third 
picking was completed after a killing frost in 1955. Referring to 
Table III, it can be observed that there was no overlapping between 
the parental classes for wall thickness in 1956.
Eighty-one (81) Fg lines, each consisting of more than 10 
plants, were analyzed statistically for the genetic study. Table III 
represents the data of the two parental varieties and 81 Fg lines.
The lines are arranged in ascending order according to their mean 
wall thickness. Fortunately, the F£ plants used to produce the Fg 
lines represented almost a complete range of the p£ population.
Plants of each parent were grown in seven plots. The mean 
and the coefficient of variability of each parental line were calcu­
lated in order to give a reliable estimation of the range of the plot 
means. The seven plots of Sea Island had means varying from 1.97 to 
2.14 microns, and their coefficients of variation varied from 2.6% to 
5.2%. The seven plots of DPI, 15 proved to have means varying from 2.82 
to 2.95 microns and coefficients of variability ranging from 4.8% to 9.2%.
Three statistical measures, namely, the mean, coefficient of 
variation, and frequency distribution for each progeny were given
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consideration in this comparison. This comparison showed that
there were 33 Fg lines which had means as low as or lower than 2.14
microns, the highest mean for a plot of the Sea Island parent. These 
lines might be considered as possible recoveries of that parent.
However, most of these lines had plants with abnormally thin walls,
much thinner than any Sea Island plants. These probably were
abnormal segregates with physiologically imbalanced genetic com­
position due to the fact that the parents represented different 
species. Therefore, they were not considered as probable genotypes 
of Sea Island. Actually, only one line, No. 31, resembled Sea 
Island in mean and distribution.
Although there were three other lines with means within 
the range of the plots of the Sea Island parent, their coefficients 
of variability were much higher than the maximum of the Sea Island 
parent.
A similar approach was used for estimating the recoveries 
of the DPL 15 parent. There were only three lines, Nos. 91, 92 and 
36 with means within the mean range of DPL 15. Their coefficient 
of variability was 14.7%, 10.37o, and 5.3%, respectively. The first 
two of these were too variable to be DPL 15 genotypes. Therefore, 
line No, 36 is the only line that could be considered as a possible 
recovery of the DPL 15 genotype. It resembled the DPL 15 in mean 
and distribution.
Recovery of one line resembling each of the parents among 
the 81 tested suggests that the parents differed by a relatively small 
number of genes, perhaps not more than 3 to 4 pairs.
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It should be pointed out that any estimation of number
of genes for a quantitative character is not accurate by any procedure.
Transgressive segregation. As shov/n in Table I, there were 48 Fg
plants with wall thickness below the range of any plant of the Sea
Island parent- In addition, there were 12 Fg plants which were too
fine to measure on the arealometer. These were also below the range
of the Sea Island plants. On the other hand, there were 7 F2 plants
thicker than the thickest walled plant of the DPL 15. These results
may denote transgressive segregation for wall thickness. In order to
verify whether these F^ plants represented transgressive segregates
or were due to environmental variations, it would be necessary to
progeny-test each plant in Fg. Referring to Table II and Table III,
two F2 plants with wall thickness below the range of the Sea Island
parent were tested in Fg. Lines Nos. 32 and 99 were derived from
these two F plants. Both lines had means below that of Sea Island.£*
Furthermore, 8  other lines, Nos. 89, 47, 109, 71, 26, 7, 83, and 53 
had means below that of the 7 plots of Sea Island grown in 1956,
although their F plant values were within the range of Sea Island.
16
As further evidence, two Fg plants with wall thickness 
above the range of any DPL 15 were tested in Fg, lines Nos. 36 and 
91. One of these, line No. 36, had an Fg mean slightly higher than
any plot of the DPL 15 and considerably higher than the average of
the DPL 15 in 1956, However, line No. 36 was not considered to be 
the result of transgressive segregation because all plants in the 
line were within the range of the DPL 15 parent. Though the mean of
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the other line, No. 91, was similar to the DPL 15; the range was much 
greater and it is obvious that line No. 91 was not in itself a trans­
gressive segregate. However, line No. 91 was very interesting because 
two plants had much thicker walls than any of the 166 plants of the 
DPL 15 grown in 1956.
It was concluded that due to the abnormally thin-walled con­
dition of several segregates, it was not possible to determine whether 
transgressive segregation occurred for thin-walled plants. However, 
there was strong evidence for transgressive segregation for the thick- 
walled condition.
The fact that transgressive segregation occurred in this 
cross is an indication that the parents differed by a relatively 
large number of genes, more than estimated by the previous methods.
Those methods used in calculating the number of genes assumed that the 
two parents exhibited the two extremities of the character. This means 
that one parent contributed only positive factors, while the other 
contributed only negative factors. This latter condition is not likely 
to be present in blending inheritance. Furthermore, the two parents 
belong to two different species.
Heritability. Heritability is the ratio of genetic variation in a 
population to the total variation.. It is of great value to the plant 
breeder who is interested in selection in individual plants from 
early segregating generations to establish a new strain. In fact, 
selection for a quantitative character in Fg is not always effective 
because of strong influence of environment on the expression of the 
genotype. The only criterion for selection in the Fg generation is
the plant phenotype.
The heritability value for wall thickness in the Fg was 
78.9%. This indicated that about 79% of the total variance for 
wall thickness among Fg plants was genetically controlled. This 
estimate of heritability in F^ is quite high for a quantitative 
character.
Correlation and regression can be used to measure the
degree of association between the phenotype of Fg plants and the
mean or genotype of Fg lines which were derived from them. This
association is also an indication of heritability since there would
be no correlation between F and F„ unless an appreciable part of2
the variation in F 2 was genetic in nature. A correlation coefficient 
of 0.76 was obtained for Fg line means and their corresponding Fg 
plant values. This was highly significant. Hi is high correlation 
between Fg values and means of Fg lines also indicates high 
heritability for wall thickness.
A regression coefficient of 0.66 was obtained for the 
regression of means of the 81 Fg lines on their respective Fg plant 
values. This means that the heritability in terms of regression of 
F3 means on their corresponding F 2 values was 6 6 %, This value of 
heritability was somewhat lower than the 79% estimated in Fg, but is 
considered to be more reliable. All estimates indicated high 
heritability for wall thickness, and provide evidence that selection 
for wall thickness on an individual plant basis in F2 would be 
highly effective.
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Since the importance of heritability arises from its 
relationship to the effectiveness of selection among individual 
plants, a more exact indication of how effective selection for 
wall thickness would have been can be obtained by determining the 
effect of selection in Fg on the frequency of both thin-walled and 
thick-walled lines in F3 . In order to make this comparison, the 
means for the 81 F3 lines were plotted against the corresponding 
Fg plant phenotypes as a scatter diagram (Figure 2).
Any Fg line with a mean above 2.40 microns can be con­
sidered as a thick-walled line. Among the entire 81 F lines thereo
were 16 lines (or 19.8%) of such thick-walled lines. This represents 
the percentage of thick-walled Fg lines that would have been obtained 
from randomly chosen Fg plants without any selection for wall thickness.
Among the 81 Fg plants taken into Fg, there were 20 plants 
above 2.40 microns. If selection had been practiced in Fg and only 
these thick-walled plants of 2.40 or above had been advanced into 
F3 , 68.4% of the selections would have produced thick-walled Fg lines 
with means of 2.40 or above. The increase in frequency of thick-walled 
lines from only 2 0 % in the unselected population to 6 8 % after selection 
in Fg is evidence that the selection would have been highly effective.
A similar analysis was made for thin-walled types. Any Fg
line with a mean below 2.30 microns was considered as thin-walled.
There were 18 Fg lines (or 22.2%) of such thin-walled lines. This
percentage represents the thin-walled lines that v/ould have been
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Figure 2. Scatter Diagram Showing Wall Thickness for 81 F2 Plants and the Means of F3 Lines Derived 
from Them.
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were 20 plants below 2.30 microns. If only these 20 thin-walled F2  
plants had been selected and advanced to F3 , 1 1  would have produced 
thin-walled lines, a percentage of 55. This indicates that 55% of 
the thin-walled plants produced thln-walled lines in F3 . In other
words, the increase from 22% to 557o gives evidence of the effective­
ness of selection in Fg.
These results indicate that selection for thick-walled 
plants was somewhat more effective than selection for thin-walled 
plants in Fg.
Inheritance of Perimeter 
Perimeter is considered the second major component of 
weight fineness of fiber. The inheritance of perimeter was studied 
in the same fashion as was that of wall thickness. Statistical 
analysis for perimeter included only those plants which were measured 
and studied for wall thickness.
The DPL 15 parent had fibers with larger perimeters while 
the Sea Island parent was considered the parent with the small per­
imeter. As shown in Table V, the 20 plants of the DPL 15 parent 
had a mean of 51.7 microns, which was much larger than the mean of 
the Sea Island parent - 43.9 microns. The difference between the two 
parental means was 7.8 microns. The range among the plants of DPL 15 
was from 47 to 55 microns, or 8.0 microns, while the Sea Island 
parent varied from 39 to 49 microns, or 10 microns. A standard devia­
tion of 2.13 and a coefficient of variability of 4,1% were obtained 
for the DPL 15 parent. The Sea Island parent had a slightly higher 
standard deviation of 2.15 and a coefficient of variation of 4.9%.
Table IV. Frequency Distribution for Perimeter of Fiber in the Parents, F^ and F2 Populations of the 
DPL 15 x Sea Island Cross.
Number of Plants in Perimeter Classes
Population 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63
DPL 15 3 1 9 5 2
Sea Island 1 6 9 7 1 1
F 1 3 4 9 2 2
F 2 2 2 1 0 2 2 27 60 69 73 55 27 9 3
Table V. Statistical Values 
Sea Island Cross.
for Perimeter in the Parents, and Populations in the DPL 15 X
Standard Coefficient Arithmetic Geometric
Population Observed Mean Deviation of Variation Mean Mean
DPL 15 51.7 2.13 4.1%
Sea Island 43.9 2.15 4.9%
F 1 47.1 2.37 5.0% 47.8 47. 6









70 Figure 3. Frequency Distribution Curve of 
Perimeter for Parents, F-̂  and F, 












The two parents were assumed to be homozygous so that 
the variations among their plants were considered to be due to 
environmental factors. The Sea Island plants which were grown in 
1955 with the F^ and Fg plants were subjected to severe weather 
conditions. Hence, the Sea Island parents were late in maturing.
Seed cotton was picked twice. The last picking took place after a 
killing frost.
The 20 plants had a mean of 47.1 microns, which was 
almost equal to the average of the two parents. These plants had 
a standard deviation of 2.37 and a coefficient of variation of 
5.0%. The variation in perimeter among F^ plants was slightly 
higher than that of the two parents, the range varying from 43 to 
51 microns. This variation among F^ plants was also considered to 
be due to environmental influences. A high degree of environmental 
effects on perimeter among parental plants was reported by Breaux (8 ), 
Bishr (6 ), and Harrell (19). Bishr (6 ) found that the standard devia­
tion for the F^ v/as slightly higher than that of the parents, but it 
was lower than that of Fg.
A total of 359 F^ plants was studied for perimeter. These 
plants had a range from 35 to 57 microns, and a mean of 47.9 microns. 
The frequency distribution curve of perimeter, Figure 3, was fairly 
smooth and extended well beyond both parents, especially on the side 
of the Sea Island parent. Coefficient of variation of the F0 plants
A
was 8 .1%, which was higher than that of both parents and of the F^. 
There v/ere more variations among F plants than could be accounted
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for by environment alone. Consequently, at least a part of the 
total variation was genetic in nature.
The fact that the Fg plants had a continuous range from 
35 to 57 microns (22 microns) with ascending numbers in each toward 
the center and that there was a relatively high effect of environment 
on perimeter and that the means of F^ and Fg were intermediate between 
the parents, indicates that perimeter behaved as a quantitative 
character.
Dominance. The average of the two parents was 47.3 microns, which was
almost equal to the observed mean of F-̂  , which was 47.1 microns.
This result suggests absence of dominance for fiber perimeter. Also,
the F mean v/as insignificantly different from the average of the two 2
parents, being 47.9 microns. This also indicated absence of dominance.
It was concluded that the data from the parents, F^ , and 
F'2 imply absence of dominance for fiber perimeter.
Stafford (37) reported a slight degree of dominance for 
large perimeter in a cross between two Upland varieties (Half and 
Half x Wilds). He reported partial dominance although the means of 
the Fj, and generations were intermediate between the parents.
Breaux (8 ) worked on fiber perimeter of the same cross, and he 
reported a partial dominance for small perimeter over large perimeter. 
Bishr (6 ) and Harrell (19) found partial dominance for small perimeter 
over large perimeter in the two different crosses of Upland varieties. 
Nature of gene action. As presented in Table V, the F^ mean of 47.1 
microns was similar to both the arithmetic mean of 47,8 microns and
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the geometric mean of 47,6 microns. There v/as only a small difference
of 0 . 2  micron between the arithmetic and geometric mean of F^ plants.
For F the corresponding arithmetic and geometric means were identical 
2
in value, 47.5 microns. Consequently, the nature of gene action 
could not be determined.
Number of genes involved. The same three methods applied in 
estimating the number of genes for wall thickness were used in 
estimating the minimum number of genes segregating for the parental 
difference in fiber perimeter.
The Castle-Wright and the Wright formulae gave an estimate 
of 0.82 and 0 .28 pair of genes, respectively, which was certainly 
an underestimation. These formulae require several conditions which 
^ere not fulfilled in this cross for perimeter.
Recovery of parental genotypes in F^ might give a relatively 
more reliable estimation of the number of genes involved than the 
previous two formulae. However, for a quantitative character such 
as perimeter no method can give the exact number of genes segre­
gating. Referring to Table IV, there are 63 F2 plants equal to or 
lower than the mean of the Sea Island parent, while there were 94 as 
large as or larger than the mean of the DPL 15 y>arent. This indicates 
the possibility of parental genotype recovery in a relatively small 
F population. These results suggest that there were a few pairs of
a
genes which segregated for the parental mean difference for fiber 
perimeter.
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Estimation of the number of genes involved, based on the 
frequency of recovery of parental genotypes in Fg proved to be the 
most reliable method. The generation consisted of 81 lines, each 
having 10 or more plants, which were grown in 1956. The parents were 
represented by 7 plots each. The mean, standard deviation, and 
coefficient of variability were calculated for the parents and Fg 
lines. The frequency distribution of the 81 Fg lines with their 
statistical measures of variation and their corresponding Fg values, 
along with the two parents, are included in Table VI. The Fg lines 
were arranged in ascending order according to their means.
The seven plots of the Sea Island parent had means which 
ranged from 42.4 to 46.0 microns, and their coefficients of varia­
bility differed from 2.9% to 4.8%. Any F line which had a mean as 
low as or lower than 46.0 microns might be considered as a possible 
recovery of the Sea Island parent. Referring to Table VI, there are 
30 lines with means as low as or lower than 46.0 microns, which was 
the'highest mean for the Sea Island plots. However, most of these 
lines did not agree with the Sea Island parent, either in the 
frequency distribution or in the coefficients of variation. Of the 
30 Fg progenies, there were only 5 lines, Nos. 98, 115, 81, 36, and 
56, which resembled the Sea Island parent in mean and range, but their 
coefficients of variation were slightly higher. These five lines might 
be considered as parental recoveries.
The seven plots of the DPL 15 parent had means ranging from
52.2 to 54,4 microns and coefficients of variation varying from 2.5 to
Table VI. Frequency Distribution of Perimeter for the Parents and F3 Lines in the DPL 15 x Sea Island Cross<J> in
Number of :Plants in Perimeter Classes
Line


























10 1 2 1 3 2 1 10 38.3 4.15 10.8 47.5
96 2 4 2 4 3 1 16 40.5 3.77 9.3 42. 6
109 1 3 4 5 6 19 40.7 2.51 6.0 . 47.6
89 2 4 6 2 1 15 41.0 1.96 4.8 42.5
33 1 2 3 2 2 2 1 13 41.4 3.87 9.4 42.4
47 1 2 4 3 5 2 17 41.5 3.22 7,8 49.7
43 1 3 5 5 1 1 16 41.9 2.76 6.6 45.6
54 1 4 4 6 2 1 18 42.1 2.85 6.8 42.5
46 1 1 1 3 1 2 2 11 42.2 3.95 9.4 44.9
98 1 6 3 1 1 12 42.4 2.27 5.4 42.1
99 1 1 4 2 4 3 2 1 18 42.6 3.72 8.7 47. 6
3 1 3 2 2 3 1 12 42.8 3.4S 8.1 41.9



















Number of Plants in Perimeter Classes





1 4 2 2 1 10 43.1 2.19
2 2 3 5 1 2 2 17 43.3 3.93
2 4 7 5 2 20 43.8 2.89
1 5 1 2 1 11 43.9 4,22
1 3 3 2 2 1 12 44.3 3.97
2 3 5 5 1 2 18 44.3 3.04
4 3 2 5 4 2 20 44.3 3.41
1 1 2 1 11 3 19 44.4 2.83
1 3 2 3 2 11 44.9 3.96
1 2 8 5 5 2 23 44.9 2.27
1 2 7 5 1 16 45.4 2.44
1 1 1 1 3 4 2 1 14 45.5 3.85
2 2 4 8 1 1 19 45,6 3.38
1 2 6 2 2 13 45.6 2.34




















Number of Plants in Perimeter Classes
39 41 43 45 47 49 51 53 55
No. of
57 59 61 63 Plants
Line
Mean s
1 3 10 2 1 1 18 45.6 2.16
1 2 2 4 1 1 11 45.9 3.40
1 5 3 5 3 17 46.0 2.44
2 2 6 6 1 1 18 46.1 2.42
3 2 3 4 2 1 1 16 46.3 3.44
1 1 5 5 1 7 1 21 46.3 3.36
1 3 3 4 1 12 46.4 3.01
2 1 4 4 3 1 15 46.4 2.69
2 2 2 7 2 1 1 17 46.7 3.24
4 3 5 2 1 15 46.8 2.78
2 1 1 1 7 7 19 46.9 3.30
4 5 5 1 1 1 17 46.9 2.77
2 9 5 5 2 23 46.9 2.17
1 4 4 3 4 2 2 21 47.0 4.18
1 3 2 4 1 4 1 18 47.1 6.40





















______________________________ Number of Plants in Perimeter Classes__________________________
No. of Line
31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 Plants Mean s
2 5 6 4 2 1 21 47.3 2.96
2 3 7 3 1 1 17 47.5 2.30
3 8 4 1 16 47.6 1.70
1 3 5 4 4 18 47.7 3.04
1 6 5 1 14 47.8 3.17
5 3 6 4 4 3 25 47.9 3.33
1 2 2 2 1 10 48.0 5.23
2 1 3 3 5 2 1 19 48.1 5.27
3 2 3 1 2 2 1  14 48,4 4.06
1 5 1 2 1 11 48.4 3.37
1 1 5 2 3 1 13 48.6 2.62
1 2 2 5 4 2 1  18 48.7 3.98
4 2 5 6 17 48.9 2.34
3 8 2 3 2 18 48.9 2.67
1 4  7 3 15 49.2 1.56
1 1 8 5 4 5 24 49.4 2.65
oo Table Vi. (Continued) o - - - - - - - - - — . . . . — - - - - - - - - - - - - - - - - - -
Number of ??lants in Perimeter Classes
Line 









an 1 2 2 O n 1 1 12 49.7 3. 66 8.0 48.8
114 1 5 6 5 9 1 20 49.9 3.01 6.0 46.0
4S 1 3 1 3 i 3 1 1 14 49.9 4.09 8.2 47.9
83 2 5 5 3 16 49.9 2.89 5 ► 8 52.0
62 1 1 3 7 1 22 50.1 2.96 5.9 50.0
57 1 5 5 9 1 20 50.2 2.28 4.5 51.6
49 1 2 2 n o 10 50.3 2.61 5.2 47.7'
97 nO ,-1 2 D 14 50.4 3.09 6.1 46.0
85 1 1 2 0 1 12 50.6 4.27 8.5 49.2
18 3 i 6 2 1 13 51.0 2.21 4.3 56.1
58 5 5 5 3 3 1 22 51.4 2.86 5.6 47.5
52 2 4 4 4 2 16 51.5 2.97 5.8 50.2
90 4 1 3 2 3 3 2 18 51.6 3.S7 7.5 48.2
16 1 3 1 10 4 3 1 23 51.7 2.99 5.8 45.4
22 1 1 6 .< 7 3 1 23 51.7 4.07 7.9 51.0
23 1 5 7 9 1 23 52.0 1.95 3.8 51.6
60 1 1 5 7' 3 17 52.5 2.06 3.9 50.8
91 1 3 4 4 4 2 2 20 53.7 4.00 7.5 46. 5
38 1 2 2 2 6 2 4 3 2 24 54.2 4.53 8.4 41.3
0
Table VI. (Continued)
Number of Plants in Perimeter Classes
Line 









40 4 2 6 1 2 15 54.5 2.87 5.3 54.2
15 1 4 4 1 3 13 57.7 2.58 4.5 52.8
39 2 1 4 3 7 3 1 21 57.8 3.08 5.3, 45.3
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5.0%. Any F line which fell within or above these limits of the 
DPL 15 was considered as a possible parental recovery. As indicated 
in Table VI, there are 7 lines which had means as large as or larger 
than the lowest mean of the DPL 15 plot. However, only two lines,
Nos. 23 and 60, agreed with the DPL 15 parent in the statistical 
values for fiber perimeters. These lines appear to be possible 
recoveries of the DPL 15 genotype.
The results in Fg indicate that the parents differed in 
very few genes for fiber perimeter. This is surprising since the 
parents represented different species.
Transgressive segregation. Table IV and Figure 3 indicate that plants 
with smaller and with larger perimeter than that of the parents were 
present in the F2 population. There were 4 plants with fiber perimeter 
smaller than any plant of the Sea Island parent. Also, there were 3 
plants with perimeter larger than any plant of the DPL 15 parent. Thus, 
the F data suggested that transgressive segregation for perimeter may 
have occurred. However, only 1 of these 7 apparent transgressive segre­
gates in Fg was tested in F^. This F^ plant had a perimeter of 38.3 
microns and produced an Fg line, No. 36, with a mean of 45.6 microns. 
This value was within the range of the means from the 7 plots of Sea 
Island, and since line No. 36 was no more variable than the Sea Island 
parent, it was concluded that this line was a probable recovery of the 
small perimeter parent and did not represent a transgressive segregate.
Table VI did show some evidence of the occurrence of 
transgressive segregation in the F generation. There were nine lines,
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Nos. 10, 96, 109, 89, 33, 47, 43, 54, and 46, which had means smaller 
than the lowest m e a n  of the Sea Island parent, 42.4. All of these 
lines appear to be transgressive segregates for smaller perimeter 
than Sea Island,
Transgressive segregation was proved also by the presence 
of two lines, Nos. 15 and 39, with means of 57.7 and 57.8 microns, 
which were higher than the highest mean of the DPL 15 plots, 54.6 
microns. They also consisted of plants higher than the largest 
plant for the DPL 15.
Furthermore, transgressive segregates were found in lines 
having means equal to or intermediate between the parents. Fourteen 
lines, Nos. 99, 3, 92, 105, 25, 82, 1, 111, 6 , 71, 7, 26, 106, and 
2 2 , had a varying number of plants with perimeter below the range of 
Sea Island. Lines Nos. 91 and 38 had segregates whose perimeters 
were larger than the largest perimeter of the DPL 15 plants.
All the results gave evidence of the occurrence of trans­
gressive segregation, and this could lead to the assumption that the 
estimated number of genes responsible for the parental difference in 
perimeter was an underestimation. However, from the practical stand­
point, plant breeders would expect to find the desired recombinations 
in a relatively small population.
Heritability. A heritability value of 69% was obtained from the
Fg data. This indicates that about 69% of the total variation among
the F2 plants was genetic in nature. Although this is a high value,
it would be unwise to put much emphasis on it unless it is confirmed 
with heritability estimates in F3 .
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Heritability from F 3 v/as determined by correlation and 
regression coefficient of Fg lines on their respective Fg values.
A correlation coefficient of 0.36 was obtained. This v/as an 
indication of the degree of association between the two variables. 
Although it is highly significant, this correlation is not an 
exceptionally high value.
A regression coefficient of 0.3^ which was almost equal 
to the correlation coefficient, was obtained for the Fg means on 
their Fg plants. This led to a heritability estimate of 36%, which 
is intermediate in magnitude. A heritability value of 36% from the 
F^ regression was far below the estimate of heritability from Fg 
plants of 69%.
Determination of effectiveness of selection for perimeter 
on an individual plant basis in FQ was the goal for which heritability 
in Fg and F^ v/as obtained. In Figure 4, the means of 81 Fg lines 
were plotted against their corresponding Fg plants. No selection for 
fiber perimeter v/as made for the 81 Fg plants from which the Fg lines 
were derived. The top 15 Fg lines (18.57a) above 50.6 microns were 
chosen and enclosed in a solid line, Figure 4. If selection had been 
carried out among the 81 Fg and only the F^ plants above 50.6 microns 
had been selected and tested in F^, 6 of them would have given Fg 
lines with fiber perimeter of 50.6 microns or larger. This indicates 
that 31.67o of selected Fg plants with a large perimeter would have 
produced top Fg lines if selection had been practiced in Fg, while 
l8.57o large perimeter lines would have been obtained without selection
G8
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Figure 4. A Scatter Diagram Showing the Perimeter for 81 F2  Plants 
and the Means of F3 Lines Derived from Them,
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for perimeter in the F2 population. This small increase in 
percentage of superior lines indicates that selection for large 
perimeter in F2 would have been of some value but would not have 
been highly effective.
On the other hand, selection for small perimeter in F^ 
would have been considerably more effective in obtaining small 
perimeter Fg lines. Only 17.3% of the 81 F 3 lines had a mean 
perimeter as low as 43.3 microns, indicating that without selection 
in F^ only about 17%> of F 3 lines would have small perimeter.
However, if selection had been practiced in F and only plants asA
low as 43.3 microns had been advanced to F^ , 50% of these selected 
plants would have produced F lines with a mean perimeter as low as
43.3 microns.
Perimeter behaved in a different manner in intervarietal 
crosses of CL hirsutum. Bishr (6 ) found a high degree of heritability 
of 67% in F2 , but selection in was more effective for large per­
imeter than for small.
Stafford (37) and Breaux (8 ) gave the values of 70% and 
43% respectively for heritability obtained from F 2 data. It should 
be noted that both workers studied the same cross between Half and 
Half x Wilds, but in different seasons. This indicates that herit­
ability from F^ plants should be used cautiously.
Inheritance of Weight Fineness
Weight fineness expressed in micrograms per inch was 
determined by converting the arealometer readings by certain formulae.
oI'
Table VII. Frequency Distribution of Weight Fineness in the Parents, and F^ Populations of the DPL 15 ;; Sea Island Cross.
Population 1.7 1.9 2.1 2.3 2.5 2.7 2.9 3.1 3.3 3.5 3 .7 3.9 4.1 4. 3 4.5 4.7 4.9 5.1 5.3 5.5 5.7
DPL 15 1 1 nO 8 3 4
Sea Island 2 7 8 G 1 1
?1 2 r 10 1
Fo 2 1 10
*■>o 26 52 55 63 49 39 30 17 S 3 1
Table VIII. Statistical Values for Weight Fineness in Parents, Fq and F^ Populations of the DPL 15 Sea Island Cross.
Population Mean Standard Deviation Coefficient of Variation Arithmetic Mean Geometric Mean
DPL 15 4.20 0.24 5.8%
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Determination of weight fineness was made for the same plants 
already studied for wall thickness and perimeter of fibers.
A review of literature pertaining to this character 
showed that no complete genetical analysis had been made before.
This character depends on both wall thickness and perimeter.
Tables VII and VIII show the frequency distribution and statis­
tical values for the parents, , and ? 2  populations. The Sea 
Island parent was the fine parent; it had a mean of 2.93 mg./in., 
standard deviation of 0.23, and coefficient of variability of 
7.9%. The range varied from 2.50 to 3.50 mg./in.
The DPL 15 parent had relatively coarse fibers. It had 
a higher mean of 4,20 mg./in. This represents a parental difference 
of 1.27 mg./in, which is an indication of genetic difference between 
the two parents. The range of the DPL 15 parent was from 3.50 to 
4.50 mg./in. The two parents overlapped in one class. The standard 
deviation of 0.2-4 indicated that the DPL 15 parent was relatively 
homozygous. The coefficient of variation of 5.8% was lower than 
that of the Sea Island parent. The variation in both parents was 
assumed to be due to environment alone.
The F^ population of 20 plants ranged from 3.10 to 3.70 
mg./in., and had a mean of 3.46 mg./in. The coefficient of variation 
was 4.9%, which was lower than either of the parents.
The F population had a wide range from 1.90 to 4.70 mg./in. 
The mean of 3.35 mg./in. was lower than that of F^. The Fg had a very 
high coefficient of variation of 15.8%, a value almost two times that
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of either parent and three times that of the F^ population. This 
high variation could not be accounted for by environmental factors 
alone; at least a part of it was genetic in nature.
The frequency curve for plants (Figure 5) was fairly 
smooth, unimodal, slightly zigzag on the Sea Island parent side 
and extended beyond the two parents. However, it resembled a 
normal curve, with a large number of classes. These results indicate 
that weight fineness behaved as a quantitative character which might 
be governed by large numbers of genes. Because wall thickness and 
perimeter were proved to be quantitative characters, weight fineness 
was expected to behave in the same way.
Since weight fineness was a complex made up of wall thick­
ness and perimeter of fiber, it did not appear worthwhile to attempt 
a study of such types of information as dominance, nature of gene 
action, and number of genes segregating. This information was 
obtained for each component separately.
Heritability. A heritability value of 80% was obtained for weight
fineness from F^ data. This figure indicates that 80% of total
variation in F was due to genetic factors while only 20% of this 2
variation was caused by environment.
Heritability from Fg was determined by the degree of
association between the phenotypic expression of F2  plants, and
the average performance of F3 lines derived from them. The magnitude
of heritability was measured by correlation and regression. A highly
significant correlation coefficient of 0.72 was obtained for F means3
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and their corresponding F 2 plants. This value indicates a high 
degree of heritability for weight fineness.
An extremely high regression coefficient of 0.97 was calcu­
lated for Fg lines on Fg plants from which they were derived. This 
is an exceptionally high value.
All evidence indicates that heritability for weight fine­
ness was very high. Consequently, selection on the individual 
plant basis would be highly effective.
This conclusion was confirmed by plotting the means of the 
lines against their respective Fg plants, as shown in Figure 6 .
Among the 81 Fg lines there were 15 lines (18.5%) above 3.90 mg./in.
This represents the percentage of coarse Fg lines which would have 
been obtained without selection in the Fg population. If selection 
had been practiced and only the F plants with weight fineness of 3.90 
or above had been advanced into F , 50% of the selected plants would 
have produced coarse F lines with means of 3.90 or above. This<J
increase in frequency of coarse lines from only 18.5% in the unselected
F lines to 50% after selection in is evidence that selection would 3 M
have been highly effective on the individual F plant basis.
2
A similar approach was made for fine plants. Any F̂ , plant 
or Fg line below 3.00 mg./in. was considered as a fine plant or a fine 
line. There were 16 Fg lines (19.8%) below 3.00 mg./in. among the 
total 81 Fg lines. If selection had been practiced among the 81 Fg 
plants and the 1 2  F^ plants with fine fiber had been chosen and 
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Figure 6 . A Scatter Diagram Showing Weight Fineness for 81 F2  p lants 
and the Means of F'] Lines Derived from Them.
m
.Encloses Coarser 15 Fg Lines --------- Encloses Finer 16 F 3 Lines
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This increase from 19.8% to 66.7% represents the effectiveness of
selection in Fg.
The foregoing evidence denotes that heritability of 80%
from Fg, of 72% from correlation, and 97% from regression was
extremely high and should be confirmed with the plotting method
mentioned above. However, the results indicate that selection for
high or low weight fineness in F would provide the breeder with a2
large number of superior lines. The high heritability for weight 
fineness was apparently due primarily to high heritability for wall 
thickness.
Correlation of Characters 
One of the major concerns of cotton breeders is the 
association between economic characters. The association between 
two or more desirable characters is an advantage. It would be easy 
to incorporate them into a new variety. On the other hand, associ­
ation between desirable and undesirable characters may represent a 
problem to the breeder who wants to select for one character without 
the other. Association of characters may be due to: (a) linkage of 
genes responsible for the correlated characters, (b) physiological or 
developmentary relationship, and (c) pleiotropic effect of genes.
Simple and partial correlation coefficients involving wall 
thickness, perimeter, and weight fineness were calculated for 359
F plants and for 81 F lines of the DPL 15 x Sea Island cross. These3
coefficients are presented in Table X. Genetic correlation coefficients
for the three characters were determined for the F0 and included in 
Table IX.
Table IX. Simple, Genetic, and Partial Correlation Coefficients for Wall Thickness, Perimeter














Wall Thickness and Perimeter -0.29** -0.29 Weight Fineness -0.80**
Wall Thickness and Weight Fineness 0 .6 8 ** 0 . 6 8 Perimeter 0.89**
Perimeter and Weight Fineness 0.38** 0.38 Wall Thickness 0.82**
Table X • Simple and Partial Correlation Coefficients 
and Weight Fineness Among 81 F3 Lines of the
Involving Wall Thickness, 





Characters correlated Coefficients Constant Coefficient
Wall Thickness and Perimeter 0.27* Weight Fineness -0 .8 6 **
Wall Thickness and Weight Fineness 0.79** Perimeter 0.99**
Perimeter and Weight Fineness 0.80** Wall Thickness 0.87**
* significant at the 5% level of probability
** significant at the 1% level of probability
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Wall thickness and perimeter. The variation among the 359 plants 
was high enough to determine the association between the two charac­
ters. A significant correlation coefficient of -0.29 was obtained 
between wall thickness and perimeter. Though highly significant, it 
was small in magnitude and negative in nature. From the breeding 
standpoint, any correlation coefficient less than * 0.4 is considered 
of little importance.
The genetic correlation between v/all thickness and per­
imeter of fiber was essentially the same as the simple correlation, 
suggesting that the association between these two characters in F2  
was genetic in nature.
However, it was impossible to obtain a true genetic 
association of a negative nature in this cross between wall thickness 
and perimeter. The .Sea Island parent had low values for both charac­
ters while DPL 15 had higher values for both traits. Thus, any 
genetic association should have been positive in nature rather than 
negative. This suggests that the low but significant negative 
association between wall thickness and perimeter in Fg was caused 
by effects of environment on both traits.
If the negative correlation between wall thickness and 
perimeter of fiber found among F„ plants was caused solely by 
environmental effects, the same type of association should have 
occurred in one or both parents. Since the parents were homozygous, 
any association in these populations would be due to environmental 
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Figure 7. A Scatter Diagram for Wall Thickness and Perimeter of Fiber Among 81 F 3  Lines
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thickness and perimeter was calculated among plants of each parent.
For the Sea Island parent, a non-significant positive correlation 
was obtained while a significant negative correlation of -0.52 was 
calculated for plants of DPL 15 in 1955. Thus, it appeared that the 
low negative correlation in was caused by the effect of environment 
on expression of wall thickness and perimeter in F plants which 
resembled the DPL 15 parent.
Results obtained from F^ data did not agree with that of 
Fg. A significant positive correlation of 0.27 was obtained for 
wall thickness and perimeter among 81 F lines, Table X. The F«J u
data are considered more reliable than that of F^ for measuring 
genetic association between characters since it is based on means 
of lines instead of single plant values. Figure 7 shows the scatter 
diagram for wall thickness and perimeter for the 81 Fg lines. Like 
the correlation coefficient, the scatter diagram shows a low positive 
association between the characters. This association was probably 
genetic in cause since no association was found among the plants of 
either parent in 1956. From a practical standpoint it could be 
considered that there was no important association between the two 
characters. Selection for the expression of either character could 
be accomplished without difficulty.
The interrelationship between wall thickness and perimeter 
was reported by other workers studying crosses of varieties of Upland 
cotton. Bishr (6 ) found somewhat similar results for F and F„ in a 
cross of DPL 45-867 x Florida 1377. He obtained a highly significant
negative correlation coefficient of r = -0.363 between perimeter and 
wall thickness for 196 F plants. The results were not in agreementA
with those from the F^. A non-significant positive correlation of
0.056 was calculated for 56 F^ lines. Harrell (19) obtained a
significant negative correlation of -0.378 among 6 6 F lines ofo
Half and Half and AHA cross. He stated that this correlation v/as 
not expected since the parents did not differ appreciably in wall 
thickness, although they showed a considerable difference in per­
imeter. Breaux (8 ) found that perimeter and wall thickness of 
fiber behaved as independent variables. An r value of 0.087 was 
found among 228 F plants of the Wilds x Half and Half cross.JU
A high negative and significant partial correlation was 
obtained for wall thickness and perimeter when the influence of 
weight fineness v/as held constant. The r values were -0.80 and 
-0.86 for F and F respectively, Tables IX and X. Wall thicknessc!t o
and perimeter v/ere proved structurally to be the major components
of v/eight fineness. Since weight fineness was held constant, any
change in one variable would result in change in the other one, but
in the reverse direction. A fiber with a large perimeter and thin
walls may be equal in weight to a fiber with a small perimeter and
thick walls. Similar confirming results were made by Bishr (6 ) on
a cross of two Upland varieties. He found highly significant partial
correlation coefficients of -0.874 and -0.991 for F and F„2
respectively.
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Wall thickness and weight fineness. A high positive correlation
coefficient of 0 . 6 8  v/as obtained for wall thickness and weight
fineness. This appreciably high correlation suggests that changes
in wall thickness of the fiber are associated with changes in weight
fineness and in the same direction. This high correlation was
expected. The Fg result was in complete agreement with that of the
Fg. A correlation coefficient of 0.79 was calculated for the 81
F^ lines. This high positive association was confirmed by the
scatter diagram presenting the wall thickness and weight fineness
relationship (Figure 8 ).
Partial correlations for wall thickness and weight fineness
when the perimeter was held constant v/ere calculated for F„ and F ,<-* 3
Tables IX and X. The r values were 0.89 and 0.99 for FQ and F ,« 3
respectively. These tv/o values were positively significant and of
high magnitude.
The high degree of association between these tv/o variables
was reported by other workers studying crosses of Upland cotton.
Breaux (8 ) found a highly positive significant correlation of 0.812
between wall thickness and weight fineness for 228 F plants ofz
Wilds and Half and Half cross.
Bishr (6 ) reported that simple correlation coefficient 
between wall thickness and weight fineness was 0.382 for 196 F^ 
plants for DPL 45-867 and Florida 1377 cross. Although that corre­
lation was highly significant, it was low in magnitude. However, 









A Scatter Diagram of Wall Thickness and Weight Fineness Relationship for 81 F3  Lines
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He found similar results for the partial correlation between wall 
thickness and weight fineness when perimeter was unchanged. The 
r values were proved to be 0.877 for Fg and 0.993 in Fg .
The high association between wall thickness and weight 
fineness was expected since wall thickness is a component of weight 
fineness.
Perimeter and weight fineness. A positive and significant corre­
lation of 0.38 was obtained between perimeter and weight fineness 
in Fg. However, the magnitude of this correlation was not high.
Results obtained from F^ gave a very high association of 0.80 
between perimeter and weight fineness. The F^ data were based on 
line means which gave the most accurate genetic association between 
the two characters. The environmental fluctuations were reduced 
to a minimum on line mean compared to their effect on the corres­
ponding F plant phenotype. This high association between perimeterA
and weight fineness was expected. Perimeter of fiber is also a 
component of weight fineness. The highly positive association 
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SUMMARY
A study of the inheritance of and interrelationship
among three fiber properties in cotton, namely, wall thickness,
perimeter, and weight fineness, was made in an interspecific cross.
The material used included the parents, F t , F 0 , and F  populationsx a 3
of a cross between DPL 15,(0^ hirsutum) x Sea Island, (G^ barbadense). 
Fiber determinations were made with the arealometer. The results 
and the conclusions pertaining to each character are summarized as 
follows:
Inheritance of Wall Thickness
1. Wall thickness behaved as a quantitative character.
2. The F_̂  showed absence of dominance. Though the distribution
indicated partial dominance of thin-walled fibers over thick-
walled fibers, this dominance was attributed to the presence of
abnormal segregates in the F , which was characterized by under-£*
developed walls.
3. No conclusive evidence could be drawn in regard to nature of 
gene action.
4. An estimate of only a few pairs of genes segregating for a 
parental mean difference of 0.65 micron was made.
•5. Transgressive segregation appeared to occur, indicating that
the parents differed by a larger number of genes than had been 
estimated.
6 . A high heritability value of 79% was obtained from F^ data. It
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compared favorably with the heritability value of 65% calcu­
lated from regression of F3 means on phenotypes. Selections 
based on individual F2 plant basis were 6 8 % effective for thick 
walls and 55% effective for thin walls. This indicates that 
selections in F^ for either thick-walled plants or thin-walled 
plants would be highly effective.
Inheritance of Perimeter
Perimeter of fibers behaved as a quantitative character.
The data obtained from the parents, , and Fg indicated absence 
of dominance for fiber perimeter.
Evidence obtained for nature of gene action was inconclusive.
The minimum number of genes responsible for a mean difference of 
8.55 microns was suggested to be very few in number. 
Transgressive segregates exceeding both parents in their 
expressions were found.
A high heritability value of 6S7o was obtained from Fg data. 
However, a heritability value of only 37% was obtained for Fg 
means on their Fg plant phenotypes. Selection for large per­
imeter v/as approximately 32% effective, while selection for 
small perimeter would have been 50% effective on an individual 
plant basis in F generation.
Inheritance of Weight Fineness
Weight fineness was expressed in micrograms per inch. It is a
complex character consisting of fiber wall thickness and fiber
perimeter. It behaved as a quantitative character.
2. A very high heritability value of 80% was found in F . The F„
2 3
data denoted a heritability of 97% from regression of Fg means 
on Fg plant phenotypes. This study indicated that selection 
for coarse and fine fibers in the F would be 50% and 67% 
effective, respectively. This denotes that selection for fine 
fibers in F would be more effective than for coarse fibers.
Interrelationship of Characters
In Fg a low but significant correlation coefficient of 
“0.29 was found between wall thickness and perimeter of fiber. 
However, it was concluded that this association was probably caused 
by the effect of environment on both traits, since a significant 
correlation of -0.52 occurred among plants of the DPL 15 parent.
For Fg lines a significant positive correlation of 0.27 
was obtained between wall thickness and perimeter. This was 
considered to indicate a low positive association between wall 
thickness and perimeter due to genetic effects.
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